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Summary
In order to produce wines with greater complex-
ity of aroma and taste, fermentations were carried 
out by sequential inoculation of non-Saccharomyces 
(Hansenula anomala and Torulaspora delbrueckii) and 
Saccharomyces cerevisiae yeasts in 'Airén' variety white 
grape musts. The wines made by sequential inoculation 
had a higher pH and higher levels of acetates, com-
pounds that supply a fruity note. The wines inoculated 
with Hansenula anomala presented a lower concentra-
tion of lineal alcohols and thioalcohols, which are re-
spectively responsible for herbaceous and cooked notes. 
The fermentations performed by sequential inoculation 
of Torulaspora delbrueckii and Saccharomyces cerevi-
siae produced wines with lower levels of volatile acidity, 
acetaldehyde and carbonyl compounds. In preference 
tasting, the 'Airén' wines obtained by co-inoculation 
with the species Hansenula anomala scored highest for 
their sensory qualities and were particularly appreci-
ated for their floral and/or fruity notes.   
K e y   w o r d s :  Alcoholic fermentation, Hansenula anom-
ala, Saccharomyces cerevisiae, Torulaspora delbrueckii. 
Introduction
The composition of the wine in terms of the vola-
tile products of alcoholic fermentation depends not only 
on fermentation conditions but also on the yeast strain or 
species inoculated. Nevertheless, the role of the yeasts 
in flavour development during vinification vivification is 
not very well known even now (DUBOURDIEU et al. 2006). 
Spontaneous fermentations of musts generally begin with 
the growth of non-Saccharomyces yeast species of the gen-
era Candida, Debaryomyces, Dekkera, Hansenula, Pichia, 
Torulaspora and Zygosaccharomyces, also known as low-
fermentation yeasts (HEARD and FLEET 1985). Growth of 
these yeast species is limited to the first two or three days 
of fermentation, after which their population declined from 
the toxic effect of the ethanol and from the temperature ef-
fect (SALVADO et al. 2011). At the same time as these yeasts 
are disappearing, strains of the high-fermentation species 
Saccharomyces cerevisiae begin to multiply until they are 
the sole lead of fermentation. Although they only grow 
during the first few days of fermentation, non-Saccha-
romyces yeasts produce higher concentrations of diverse 
compounds that can considerably influence the quality of 
the wine (GIL et al. 1996).
In the last few years, studies of non-Saccharomyces 
yeasts have shown that these can make a considerable 
positive contribution to the vinification process, intensi-
fying and improving the sensory properties of the wines, 
and they can influence them in original and distinct ways 
(CIANI, 1997, CIANI et al. 2010). 
Some researchers have investigated the effect of non-
Saccharomyces yeasts on the sensory characteristics of 
wines (EGLI et al. 1998, HENICK-KLING et al. 1998), using 
starter cultures which along with Saccharomyces cerevi-
siae contain yeasts of the genera Kloekera, Crytococcus, 
Hanseniaspora, Candida, Pichia and Hansenula (FLEET 
and HEARD 1993, FLEET 2008), and they have produced 
wines with significant differences in terms of chemical 
composition and sensory character (EGLI et al. 1998). For 
instance, FERRARO et al. 2000 noted the numerous possi-
bilities offered by the use of nom-Saccharomyces yeasts in 
wineries. In particular, the species Torulaspora delbrueckii 
and Candida stellata have been studied for their sensory ef-
fects during alcoholic fermentation (MARTÍNEZ et al. 1990, 
TORO and VÁZQUEZ 2002, BELY et al. 2008).
In this innovative approach to vinification, the key fac-
tor in the aromatic complexity of wines is the outcome of 
the succession of non-Saccharomyces and Saccharomyces 
yeast populations during alcoholic fermentation (ROJAS 
et al. 2003, VIANA et al. 2008).
The reason for this enhanced aromatic complexity is 
that, unlike Saccharomyces species which do not gener-
ally produce significant amounts of extracellular enzymes 
(MCKAY 1990), non-Saccharomyces yeasts secrete a 
number of enzymes (esterases, glycosidases, β-glucosidas-
es, proteases, cellulases, etc.) (STRAUSS et al. 2001) which 
can interact with the substrate present in the must, improv-
ing some stages in the wine-making process and the wine 
characteristics, especially the aroma (CHAROENCHAI et al. 
1997, FERNANDEZ  et al. 2000).
'Airén' is the white grape variety most abundantly 
grown in Spain, chiefly in the La Mancha region. This is a 
rather neutral variety, and therefore the aromatic quality of 
the wines depends essentially on the secondary metabolites 
produced by the yeasts that carry out the alcoholic fermen-
tation. 
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In this research, non-Saccharomyces and Saccharo-
myces yeasts were sequentially inoculated during two suc-
cessive harvests to examine the sensory impact that this 
kind of inoculation can have on wines from a grape of low 
aromaticity, in this case 'Airén'. Hansenula anomala and 
Torulaspora delbrueckii were chosen since they are the 
yeasts initially present in musts which in principle possess 
no sensory defect, with a view to reproducing the succes-
sion of yeasts which has been observed in numerous stud-
ies on vinification ecology (IZQUIERDO et al. 1997).
Material and Methods
F e r m e n t a t i o n   a s s a y s :  'Airén' white wines 
were made in the 2007 and 2008 harvest years. After the 
grapes had been crushed and pressed, pectolytic enzymes 
(Lallzyme HC, Lallemand, 2 g·hL-1) were added to the 
musts, which were decanted statically for 12 h at 15 °C and 
then distributed evenly in eight 100 L tanks. 
In all cases, lysozyme (15 g·hL-1) was added at the start 
of alcoholic fermentation to prevent the growth of lactic 
bacteria and thus assure that the end results were only due 
to the predominant action of the inoculated yeasts. The in-
oculation scheme for the selected yeasts was as follows: 
- Two tanks were inoculated with Saccharomyces cer-
evisiae yeasts following the manufacturer’s instructions 
(Uvaferm VN® Lallemand). These tanks were used as con-
trols for fermentation with Saccharomyces cerevisiae (VN 
wines). 
- Two tanks were inoculated with Hansenula anomala 
(selected in our laboratory from the la Mancha Region), 
and when the density fell by approximately 15 units, they 
were inoculated again with the VN® yeast (HAVN wines).
- Two tanks were inoculated with Torulaspora del-
brueckii (selected in France by Lallemand), and when the 
density fell by approximately 15 units, they were inocu-
lated again with the VN® yeast (TOVN wines).
- Two tanks were inoculated with Hansenula anomala, 
and when the density fell by approximately 15 units, they 
were inoculated again with Torulaspora delbrueckii. When 
the density once again fell by a further 15 units, they were 
inoculated anew with the VN® yeast (HATOVN wines).  
The fermentation temperature was 18 °C; devatting 
was performed at a density of 1010. The wines were de-
canted and sulphited, then clarified, stabilised and filtered 
following standard procedures prior to bottling.
P h y s i c o c h e m i c a l   a n a l y s i s :  The wines 
were analytically characterised. The following parameters 
were determined: alcoholic degree, glucose and fructose, 
total acidity, pH, volatile acidity, malic acid and glycerol. 
Official analytical methods were followed in all cases (OIV 
2004).   
A n a l y s i s   o f   v o l a t i l e   c o m p o u n d s :  Sam-
ples were analysed by GC/MS using a Thermo Quest mod. 
Trace GC gas chromatograph and a DSQII mass detector 
with a single quadrupole analyser. All chromatograms were 
obtained in electronic impact mode at 70 eV. The selected 
detector and electron multiplier temperatures were 250 °C 
and 250 V, respectively. 
For the major volatile compounds, 200 mL of wine 
was steam distilled up to a volume of 200 mL; 1μL of 
distilled wine with 4-methyl-2-pentanol as the internal 
standard was directly injected. The chromatographic con-
ditions were as follows: CP-Wax 57 CB (Varian Inc.) 50 m 
x 0.32 mm and 0.2 μm phase thick column, with helium as 
the carrier gas (1.7 mL·min-1, split 1/25); injector tempera-
ture, 220 °C; oven temperature, 43 °C (5 min) -4 °C·min-1 
-100 °C -20 °C·min-1 -190 °C (1 min).  
For analysis of the minor volatile compounds, 500 mL 
of wine containing 100 μL of 10 g·L-1 4-nonanol as the 
internal standard was extracted over 24 h with 250 mL of 
a 60:40 mixture of pentane and dichloromethane. The ex-
tracts were concentrated by distillation in a Vigreux col-
umn to 2 mL and then kept at -20 °C until analysis. 2 μL of 
the extract was injected into a BP21 column (SGE) (50 m 
x 0.32 mm internal diameter and 0.25 mm thick) of FFAP 
phase (polyethylene glycol treated with TPA). Chromato-
graphic conditions were: oven temperature, 43 °C (15 min) 
-2 °C·min-1 -125 °C -1 °C·min-1 -150 °C -4 °C·min-1 -200 °C 
(45 min) and helium as the carrier gas (1.4 mL·min-1, split 
1/15, splitless time 0.5 min.). 
Separate compounds were identified by their mass 
spectra and their chromatographic retention times, using 
commercial products as standards. Quantification was per-
formed by analysing the characteristic m/z fragment for 
each compound using the internal standard method. Re-
sults for non-available products were shown as the ratio 
between the area of each compound and that of the internal 
standard. 
S e n s o r y   a n a l y s i s :  Descriptive sensory analy-
sis was performed following the Sensory Profile method 
according to standard ISO 11035, by 14 and 10 trained tast-
ers in 2007 and 2008, respectively. The descriptors were 
scored on a scale of 0 to 10 (0 absence of the descriptor and 
10 maximum intensity). 
A hedonic preference test was also performed in which 
the tasters were asked to list the wines in order of prefer-
ence, awarding each one points on a scale of 1 to 4. Finally, 
the average score was calculated and a preference ranking 
was made.
S t a t i s t i c a l   a n a l y s i s :  The chemical and 
sensory data were analysed statistically using the ANOVA 
test, the Student-Newman-Keuls test of multiple compari-
son of means and principal component analysis (PCA), us-
ing SPSS software. 
Results and Discussion
P h y s i c o c h e m i c a l   a n a l y s i s :  The results of 
the physicochemical parameters of the wines are presented 
in Tab. 1. The wines differed significantly in terms of al-
cohol, glucose and fructose contents and total acidity, but 
the trends were not the same in the two different vintages, 
and therefore no conclusion was reached. No differences 
between wines were observed in terms of malic acid con-
tent. In both vintages, the pH increased in wines subjected 
to sequential inoculation of either Hansenula anomala or 
Torulaspora delbrueckii. It is also important to note that 
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in both vintages, the wines inoculated with Torulaspora 
delbrueckii at the start of alcoholic fermentation (TOVN) 
presented less volatile acidity than the wines in which alco-
holic fermentation was carried out only with Saccharomy-
ces cerevisiae (VN). The principal feature of Torulaspora 
is its ability to ferment sugars slowly, so that it produces 
lower levels of volatile acidity (SUÁREZ and IÑIGO 1992) and 
the osmotolerance (BELY et al. 2008, RENAULT et al. 2009) 
On the other hand, in samples inoculated with Hansenula 
anomala, volatile acidity levels were higher than in the VN 
controls. Nevertheless, these values were still within the 
normal range for comparable wines. Hansenula is, along 
with Saccharomyces cerevisiae, the yeast most commonly 
found in musts. Its alcohol producing power is very low 
(4-5°), and so is its alcohol yield (21 to 22 g of sugar/1° 
of alcohol). It produces more volatile acidity and is easily 
eliminated by sulphiting owing to its low resistance to SO
2
 
(ZOECKLEIN et al. 1995). 
Glycerol is the second largest component of wine after 
ethanol (in quantities ranging from 6 to 10 g·L-1). Glycerol 
lends mouthfeel and a silky character to the wine (SUÁREZ 
1997). In the 2007 vintage, there were no appreciable dif-
ferences between wines, but in the 2008 vintage, the glyc-
erol concentration increased slightly in wines fermented 
with Torulaspora delbrueckii and declined in those fer-
mented with Hansenula anomala. 
V o l a t i l e   c o m p o u n d s :  Tab. 2 shows the con-
centrations of volatile compounds determined in 'Airén' 
wines. Since there were more than 150 compounds identi-
fied, it was decided to present the data as sums of families 
of compounds, except in some cases. 
The first point of interest was the considerable decline 
in the acetaldehyde content of wines inoculated with T. del-
bruekii (TOVN). The same decrease was observed in both 
vintages, with statistically significant differences between 
wines. Acetaldehyde is formed during alcoholic fermenta-
tion by decarboxylation of pyruvic acid, although it can also 
be produced by ethanol oxidation. In excessive amounts, 
it produces woodiness or an oxidized taste (LAMBRECHTS 
and PRETORIUS 2000). In a study that reported the aromatic 
profile of various yeast strains, ROMANO et al. 2003 noted 
that there was little variability in acetaldehyde production 
among strains of Saccharomyces cerevisiae, whereas there 
was considerable variability among strains of Hansenula. 
The same tendency was noted in carbonyl compounds 
(aldehydes and ketones) as in the case of acetaldehyde, 
namely a considerable decline in the TOVN wines of both 
vintages, with major and statistically significant differ-
ences. 
In the case of ester production (Tab. 2), the use of non-
Saccharomyces yeasts at the start of alcoholic fermentation 
produced an increase in the acetate contents of the wines 
(total acetates and ethyl acetate). These results are corrobo-
rated by CARRASCOSA et al. (2005), who found that wines 
made with pure non-Saccharomyces cultures contained 
higher ester concentrations than wines fermented with Sac-
charomyces cerevisiae alone. 
This point is important since acetates are responsible 
for the fruity aromas of wines (ROJAS 2002) and such an 
increase should enhance that sensorial property (LAMBRE-
CHTS and PRETORIUS 2000). Similarly, other authors (HEN-
ICK-KLING et al. 1998) have concluded that the fruity aroma 
of wines from 'Riesling' grapes made with non-Saccharo-
myces yeasts was more intense than in wines made using 
only Saccharomyces cerevisiae starters. Other studies have 
shown that the genera Candida, Hansenula and Pichia 
possess a greater ethyl acetate production capacity than 
Saccharomyces cerevisiae strains (NYKÄNEN 1986; PLATA 
et al. 2003).
On the other hand, the use of non-Saccharomyces 
strains produced lower contents in ethyl ester in the 2008 
vintage, with significant differences between wines; the 
T a b l e   1
Mean value and standard deviation of the physicochemical parameters studied in wines
Yeasts
 
VN HAVN TOVN HATOVN
Mean SD Mean SD Mean SD Mean SD
2007
     Alcohol (% v/v) 13.58a 0.12 14.01c 0.03 13.69ab 0.01 13.83b 0.10
     Glucose and Fructose 0.29 a 0.22 0.68 b 0.21 0.23 a 0.20 0.14 a 0.02
     Total acidity (g·L-1) 4.92c 0.11 4.37 b 0.06 4.09 a 0.02 4.41 b 0.14
     pH 3.54 a 0.02 3.70 b 0.00 3.67 b 0.01 3.64 b 0.06
     Volatile acidity (g·L-1) 0.31 a 0.01 0.49 b 0.01 0.28 a 0.02 0.53 b 0.07
     L-Malic acid (g·L-1) 1.70 0.03 1.60 0.08 1.65 0.18 1.79 0.25
     Glycerol 6.14 0.63 5.98 0.10 6.60 0.34 6.13 0.27
2008
     Alcohol (%) 13.80 b 0.18 13.68 ab 0.04 13.46 a 0.18 13.61 ab 0.05
     Glucose and Fructose 0.04 ab 0.02 0.04 ab 0.01 0.06 b 0.01 0.03 a 0.00
     Total acidity (g·L-1) 4.45 a 0.03 4.76d 0.02 4.57 b 0.08 4.66 c 0.03
     pH 3.48 a 0.01 3.51 b 0.01 3.54 c 0.02 3.52 b 0.01
     Volatile acidity (g·L-1) 0.38 b 0.02 0.43 c 0.04 0.31 a 0.04 0.44 c 0.01
     L-Malic acid (g·L-1) 1.51 0.07 1.49 0.05 1.48 0.11 1.53 0.08
     Glycerol 6.40 ab 0.01 6.36 a 0.12 6.65 c 0.07 6.54bc 0.04
Different superscripts (a, b, c) indicate significant differences between the yeasts tested for 
α = 0.05 according to the Student-Newman-Keuls test.
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same did not occur in the 2007 vintage, where all the wines 
presented similar concentrations of these compounds. 
Moreover, the use of Hansenula anomala caused a decline 
in dicarboxylic acid ester contents in both vintages.
In the case of linear alcohols, which impart herbal 
notes to the wine (ROJAS 2002), in both vintages there was a 
decrease in the concentration of these compounds in wines 
inoculated with Hansenula anomala. In wines inoculated 
with Torulaspora delbrueckii, the decline was smaller in 
the 2007 vintage, whereas in the 2008 vintage there were 
slight increases. 
When non-Saccharomyces strains were used, there 
was a statistically significant decrease in the concentration 
of C6 alcohols in both vintages. As in the case of linear al-
cohols, this decline was more pronounced in wines inocu-
lated with Hansenula anomala at the start of alcoholic fer-
mentation. Inoculation with Hansenula further produced a 
considerable decline in thioalcohol concentrations in the 
wines of both vintages. This development could enhance 
the aromatic quality of the wines since these compounds 
are responsible for leafy, cooked, oniony and other aromas. 
Sequential inoculation with non-Saccharomyces yeasts 
produced a decrease in concentrations of benzene deriva-
tives in both vintages, particularly in those initially inocu-
lated with only Hansenula anomala. On the other hand, 
non-Saccharomyces strains appeared to produce a slight 
increase in concentrations of furfuryl derivatives, although 
these results were not repeated in the 2008 vintage, where 
their concentration declined slightly in wines inoculated 
with Hansenula anomala alone.   
 Tab. 2 shows an increase in the concentration of or-
ganic acids in wines of both vintages inoculated with 
non-Saccharomyces, which was much greater in the 2007 
vintage. There were significant differences between wines 
T a b l e   2
Mean value and standard deviation of the volatile compounds studied in wines
Yeasts
 
VN HAVN TOVN HATOVN
Mean SD Mean SD Mean SD Mean SD
2007
     Acetaldehyde1 30.28b 0.03 32.98 b 1.47 19.80a 4.43 24.23 a 1.15
     Aldehydes and ketones1 30.77 c 0.04 33.43 c 1.45 20.14 a 4.44 24.67 b 1.08
     Total Acetates1 35.96 a 0.90 49.25 b 0.03 54.37 b 4.73 41.66 a 3.76
     Ethyl acetate1 31.30 a 0.73 43.45c 0.16 47.22 c 3.59 36.86 b 3.38
     Ethyl esters1 5.78 0.96 5.57 0.12 5.20 0.12 5.29 0.35
     Esters of dicarboxylic acids1 2.88 b 0.32 1.25 a 0.12 1.98ab 0.29 2.13 ab 0.74
     Linear alcohols1 483.34d 2.10 274.86 a 2.32 347.51 c 18.63 310.25 b 19.95
     C6 alcohols1 0. 95 b 0.55 0.63 a 0.04 0.62 a 0.01 0.83ab 0.20
     Thioalcohols1 1.49 b 0.85 0.67 a 0.04 1.19 ab 0.22 1.05 ab 0.45
     Benzene derivatives1 51.46 b 3.69 27.97 a 0.10 38.12 a 1.13 33.86 a 9.61
     Furfuryl derivatives2 27.10 a 4.39 30.40 a 2.13 31.00 a 1.15 45.29 b 4.70
     Acids 1 16.50 a 4.94 31.17 b 1.55 24.58 b 2.51 24.00 b 3.04
     Volatile phenols1 1.93 0.53 1.23 0.20 1.20 0.03 1.63 0.31
     Lactones1 2.61 0.46 2.15 0.12 2.14 0.40 2.34 0.23
     Terpenes2 5.51 b 0.30 3.78 a 0.06 3.31 a 0.27 7.80 c 1.77
     Norisoprenoids2 2.83 b 0.18 3.28 c 0.11 2.14 a 0.16 3.44 c 0.25
2008
     Acetaldehyde1 33.88 b 3.97 31.05 b 3.25 22.44 a 3.29 29.44 b 1.45
     Aldehydes and ketones1 34.28 b 4.02 31.42 b 3.38 22.68 a 3.31 29.78 b 1.43
     Total Acetates1 39.28 1.48 53.99 11.13 40.51 4.87 53.31 0.16
     Ethyl acetate1 33.75 1.66 47.42 11.30 33.84 4.40 46.86 0.16
     Ethyl esters1 6.57 b 0.45 5.36 a 0.22 5.71 a 0.24 5.35 a 0.20
     Esters of dicarboxylic acids1 6.14 a 0.95 5.76 a 0.43 10.63 c 0.93 7.93 b 1.02
     Linear alcohols1 256.5 ab 9.35 246.77 a 19.61 287.34 b 2.21 282.83 b 21.85
     C6 alcohols1 0.77 b 0.06 0.67 a 0.02 0.78 b 0.03 0.67 a 0.07
     Thioalcohols1 1.07 b 0.05 0.54 a 0.04 1.02 b 0.20 0.39 a 0.03
     Benzene derivatives1 31.73 b 7.37 20.34 a 2.66 30.44 b 3.91 17.31 a 0.84
     Furfuryl derivatives2 23.75 ab 1.13 19.96 a 0.89 25.72 b 2.76 20.38 a 2.20
     Acids1 17.36 a 1.33 18.66 ab 1.38 20.61 b 1.12 19.01 ab 0.33
     Volatile phenols1 4.72 a 0.50 4.67 a 0.33 5.90 b 0.37 5.39 ab 0.18
     Lactones1 8.14 0.80 8.77 0.78 7.11 0.17 7.96 0.60
     Terpenes2 17.75 4.07 20.10 0.50 22.74 2.22 18.08 1.25
     Norisoprenoids2 7.82 0.76 9.66 1.98 9.88 0.63 10.82 0.73
1 mg·L-1; 2μg·L-1; Different superscripts (a, b, c) indicate significant differences between the yeasts tested for 
α = 0.05 according to the Student-Newman-Keuls test.
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inoculated with Saccharomyces cerevisiae alone (VN) and 
all the other wines. 
Concentrations of norisoprenoids increased with 
Hansenula anomala in the 2007 vintage, a pattern that 
was confirmed in all wines made with non-Saccharomyces 
strains in the 2008 vintage. 
In the case of other volatile components (phenols, ter-
penes and lactones) there were no major differences be-
tween the wines subjected to sequential inoculation and the 
ones made with Saccharomcyes cerevisiae only.  
S e n s o r y   a n a l y s i s :  Fig. 1 shows the projection 
of aroma and taste descriptors best correlated with prin-
cipal components 1 and 2. It also presented the centroids 
of the wines from the 2007 vintage of the Airén variety. 
These two principal components explain up to 80 % of the 
variance. 
cerevisiae. In the opinion of the tasting panel, the wines of 
both grape varieties, made by spontaneous fermentation, 
scored higher because they presented a more intense floral 
and fruity aroma. 
As was to be expected from the results of the descrip-
tive sensory analysis, of the 2007 wines, the tasters pre-
ferred the ones sequentially fermented with the Hansenula 
anomala strain (HAVN) (Fig. 3). In second place, they 
scored the wines made with the strain Torulaspora del-
brueckii (TOVN) and in last place the ones made with the 
two non-Saccharomyces strains (HATOVN) and the ones 
inoculated with a pure Saccharomyces cerevisiae culture 
(VN). The results for the 2008 vintage were similar; the 
tasters again preferred the wines fermented sequentially 
with the Hansenula anomala strain (HAVN) with statisti-
cally significant higher scores (p ≤ 0.05). The other three 
wines were marked with lower scores and no differences 
were found among them.
Fig. 1: Sensory analysis of 2007 wines: Projection of aroma and 
taste descriptors best correlated with principal components 1 and 
2. AI: Aromatic intensity; AP: Aftertaste persistence; AT: Alco-
holic taste; B: Balsamic; F: Fruit; FF: Fresh fruit; FC: Flavour 
complexity; SS: Sweet smell; H: Herbaceous; Y: Yeast.
Fig. 2: Sensory analysis of 2008 wines: Projection of aroma and 
taste descriptors best correlated with principal components 1 and 
2. AI: Aromatic intensity; AP: Aftertaste persistence; B: Bal-
samic; F: Fruit; FC: Flavour complexity; FL: Floral; SS: Sweet 
smell; Y: Yeast; R: Reduction.
Fig. 3: Sensorial hedonic scores of 'Airen' wines in the two stud-
ied harvest (mean value and deviation standard). Different let-
ters indicate significant differences between the yeasts tested for 
α = 0.05 a ccording to the Student-Newman-Keuls test.
Three groups of wines could be distinguished in 2007. 
HATOVN and VN wine had higher alcoholic taste and 
were more herbaceous than TOVN and HAVN. 
The TOVN were the most complex wines, presenting 
strong yeasty and balsamic notes, and were the least herba-
ceous. The HAVN wines stood clearly apart from the rest, 
presenting the most intense aroma, fruitiness, confection-
ery notes (sweet smell) and long aftertaste. 
The results were not exactly the same in the 2008 
(Fig. 2) as in the 2007 vintage; the TOVN wine could be 
found along with the group comprising HATOVN and VN 
wines, which were placed in the zone of greatest balsamic 
notes. The HAVN wines were again separated from the rest 
and presented a notably longer-lasting aftertaste, with more 
intense sweet smell, floral and fruity notes. These results 
approximately match the findings of similar study (EGLI 
et al. 1998) which reported sensory analysis of 'Riesling' 
and 'Chardonnay' wines made by spontaneous fermenta-
tion in the presence of non-Saccharomyces strains with 
starter cultures of two different strains of Saccharomyces 
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Conclusions
Sequential inoculation with non-Saccharomyces fol-
lowed by Saccharomyces yeasts strains produces changes 
in the chemical composition of wines which affect their 
sensory characteristics. Our results differed depending on 
which non-Saccharomyces strain was used in the starter. In 
two consecutive vintages, the use of Hansenula anomala 
followed by Saccharomyces cerevisiae improved the aro-
ma and sensory quality of Airén white wines, which pre-
sented greater aromatic complexity. 
Non-Saccharomyces yeasts clearly have considerable 
potential, as yet unexploited, as microorganisms that can 
influence both the aroma of the wine and the actual vinifi-
cation process. Therefore, more comprehensive studies are 
needed to select strains with characteristics that can posi-
tively influence the wine-making process while minimis-
ing their possible negative effects. The ultimate aim would 
be to provide wineries with yeast genera other than Sac-
charomyces in the form of LSA for use on an industrial 
scale with a view to producing wines with particular and 
distinctive sensory characteristics.
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